It is concluded that single-dose preoperative latamoxef is more effective than peroperative tetracycline lavage for the prevention of wound infections after potentially contaminated abdominal operations.
Single-dose antibiotic prophylaxis of abdominal surgical wound infection: a trial of preoperative latamoxef against peroperative tetracycline lavage P Sauven MS FRCS M J Playforth FRcs G M R Smith DM MCh A V Pollock FRCS Scarborough Hospital, Scarborough, North Yorkshire M Evans BA Summary A randomized controlled clinical trial was undertaken in 542 consecutive emergency and elective abdominal operations, with one group of patients receiving tetracycline peritoneal and wound lavage and the other a single intravenous injection of 1 g latamoxef at induction of anaesthesia. Seventy-five patients were withdrawn because no potentially contaminated hollow viscus was opened, and a further 36 because they could not be assessed for wound infection. Of the remaining 431 patients, 212 received latamoxef resulting in 5 major and 8 minor wound infections in hospital; another 4 minor infections occurred at home (total incidence 8.0%). In the tetracycline group (n = 219) there were 7 major and 19 minor wound infections in hospital and '10 minor infections later (total incidence 16.4%). This is significantly higher than' the rate with latamoxef (P=0.012). Monitoring of operative and postoperative bleeding revealed no evidence (except in one doubtful case) of excessive bleeding associated with the use of 'a single dose of latamoxef.
Introduction
The incidence of infective complications after potentially contaminated abdominal operations can be reduced by administration of a suitable antibiotic immediately 'before or during the operation, but the optimal route of administration has not been established. Whereas most investigators give antibiotics parenterally, there are many who believe that lavage of the peritoneal cavity and wound with copious quantities of dilute antibiotic is to be preferred.
There is ample theoretical justification for peroperative lavage of the peritoneum when that cavity has been contaminated by particulate matter due to perforation of the gastrointestinal tract. What has not been established is the place of this technique for prophylaxis of infective complications after all abdominal operations which are potentially contaminated.
During the last two years our standard antibiotic regimen has been a single intravenous preoperative dose of latamoxef which we showed' to be significantly better than our previous standard, cephaloridine. In an attempt to reduce our wound infection rate still further, we conducted A randomized controlled clinical trial of preoperative latamoxef against tetracycline peritoneal and wound lavage, which gave a low incidence of infective complications in the hands of Krukowski and Matheson2.
Methods
Between July 1983 and June 1984, 542 consecutive patients undergoing elective or emergency abdominal operations under the care of two consultant surgeons (GMRS and AVP) were randomly allocated to receive either 1 glatamoxef in 10 ml water intravenously at induction of anaesthesia, or peritoneal and parietal irrigation with one litre of saline containing 1 g tetracycline (or up to 7 litres-1 g per litrein the presence of purulent peritonitis) at the conclusion of the operation. Children under the age of 12, patients undergoing elective herniorrhaphy and one patient who claimed to be sensitive to cephalosporins were excluded. Patients having elective ileocolorectal operations were prepared by aperients and enemas and were given preoperative metronidazole suppositories, with or without oral neomycin. If bacterial peritonitis (from perforation of the appendix or colon) was suspected, the patient received either rectal or intravenous metronidazole before operation.
Risk factors were recorded prospectively on research proformas, but randomization was not stratified. Obesity was defined as a thickness of subcutaneous fat (measured with a sterile ruler at the site of incision) of 25 mm or more.
The trial was approved by the Hospital Ethical Committee.
Investigations: Visceral and parietal swabs were taken (in the tetracycline group before lavage) and cultured according to our previous protocols3; operations were then classified by the degree of bacterial contamination4. All wounds were inspected while patients were in hospital and any subcutaneous fluid was aspirated and sent for culture. If a wound discharged, a swab was sent to the laboratory in cooked meat broth for immediate incubation followed by aerobic and anaerobic subculture.
End points: All deaths within 30 days of operation were recorded and permission was sought for post-mortem examination in all. Our autopsy rate is between 70% and 80%.
The main infective event being studied was wound infection (defined as the discharge of pus). Major wound infections caused constitutional disturbance and delayed the patient's return home; minor ones did neither.
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The Royal Society of Medicine pyrexial score (the sum of the elevations above 370C measured on a twice-daily temperature chart) and number of days-of pyrexia were recorded. A score of four or more, or pyrexia for four or more days, were regarded as indicators of infection.
Septicaemia was diagnosed by positive blood culture (excluding Staphylococcus epidermidis). The number of days the patient remained in the acute hospital before being discharged home or to a convalescent home was recorded.
Increased cough and sputum were common and were not regarded as indicative of pulmonary infection unless accompanied by pyrexia, clinical or radiological signs of consolidation, or by positive sputum culture. Urinary tract infections were diagnosed microbiologically. Postoperative antibiotic prescriptions were recorded.
About one-third of all wound infections show themselves after patients have gone home, so about four weeks after operation all patients were recalled and questioned about any wound discharge. A few who lived too far away were contacted by telephone or by letter. If a wound discharged at home it was unusual for the fluid to be cultured, but we accepted a discharge as being purulent from the patient's description.
Randomization: Patients' names were entered consecutively on a list of instructions compiled from tables of random numbers. Surgeons had no prior knowledge of the arm of the trial to which a patient was allocated.
Assessment of events: The nature of the antibiotic prophylaxis was recorded on a proforma which was filed in the research coordinator's office and not in the case notes. The assessor had, therefore, no knowledge of the arm of the trial to which the patient had been allocated.
Side effects: -The possibility of antibiotic-related disorders of haemostasis was monitored in all patients by blood transfusion requirements, in 392 by measurement of blood loss during operation by swab-weighing, in 73 by pre-and postoperative estimation of haemoglobin, and in 126 by pre-and postoperative estimation of platelet count and prothrombin time.
Statistical methods: We used Armitage's standardized normal deviate for unpaired data (u) to calculate the significance of differences between proportions, accepting a probability of <0.05 as significant. Confidence limits were calculated by equation 772 in Documenta Geigy.
Results
A total of 542 consecutive patients were entered in the trial, and a check was made against the operating theatre register to confirm that no eligible patient had been excluded. Two hundred and seventy patients received latamoxef and 272 tetracycline lavage. Patients' ages ranged from 12 to 95, the median being 63 in the latamoxef group and 64 in those receiving tetracycline.
Deaths: Forty-three patients (8%), all in the seventh to the tenth decades of life, died within 30 days of operation. The causes of death are recorded in Table 1 .
Withdrawals: Because the trial was designed to compare the two antibiotic regimens for the prevention of infection after incisions into potentially bacterially-contaminated hollow muscular viscera, 75 patients in whom no hollow viscus was incised were withdrawn; 3 of these suffered minor wound infections. Also withdrawn were 28 patients in whom the main event (wound infection) could not be assessed because they died or had their wounds reopened within two weeks, had a stoma through the incision or had no skin closure. Eight patients who received therapeutic preoperative antibiotics were not considered further; none developed a wound infection.
Results excluding withdrawals
The randomization achieved a reasonable balance of risk factors in the two groups ( Table 2 ).
Wound infections: The overall rate of wound infection with latamoxef (n = 212) was 8.0% (95% confidence limits 4.7 to 12.6) and with tetracycline lavage (n = 219) 16.4% (95% confidence limits 11.8 to 22.0) (u = 2.514, P=0.012). Twelve of the 17 infections after latamoxef and 29 of the 36 after tetracycline were minor, and 4 and 10 respectively showed themselves only after the patients had gone home. Operations were classified according to the viscus incised (Table 3 ) and the extent of endogenous bacterial contamination. Table 4 reveals the effect of the preoperative dose of latamoxef in reducing both visceral and parietal bacterial contamination. Only 60% of the visceral swabs and 37% of the parietal swabs in the latamoxef group yielded potentially pathogenic species, compared with 69% and 52% respectively in the tetracycline group (u=1.77, P=0.076 and u=3.01, P=0.003). Two or more species of pathogenic organism were cultured from subcutaneous swabs in 13% of the patients given latamoxef compared with 25% of those in the tetracycline group (u= 3.15, P=0.002).
Other septic complications: One intraperitoneal abscess, 2 fistulae and one anastomotic dehiscence occurred after latamoxef prophylaxis, compared with two abscesses, 5 fistulae and one anastomotic dehiscence after tetracycline. Twenty-one patients in the latamoxef, and 35 in the tetracycline, group developed postoperative pulmonary complications, and 30 and 32 respectively were found to have Pyrexia, hospital stay and postoperative antibiotics: Little difference was found in the extent or duration of postoperative pyrexia or hospital stay between the two prophylactic regimens. In the latamoxef group, antibiotics were prescribed postoperatively for the treatment of the presenting disease in 8 patients, for treatment of abdominal infective complications in 5, of chest infections in 4, for urinary tract infections in 8 and for various other indications in 5. The corresponding figures for tetracycline were 9, 6, 6, 17 and 1 ( Table 5 ).
Side effects: A woman aged 70 years was given a single dose of latamoxef before radical gastrectomy for carcinoma. The total blood loss during operation was 46 ml, but the following day the haemoglobin level had fallen from 13.4 to 7.6 g/dl and she was transfused with four units of blood. On the fourth postoperative day her prothrombin time was found Bacteroides fragilis 4 7 Staphylococcus aureus 3 5 Staphylococcus epidermidis 2 1 Pus reported sterile 1 1 Pus not examined 2 8 to be 40 seconds (control 12) and platelet count 130 x 109/l. She was given no further treatment and the following day the prothrombin time had returned to normal and she made an uneventful recovery. The lack of correlation between bleeding and prophylactic antibiotic regimen is shown in Table 6 .
Microbiology: Only two wound infections in the latamoxef group were of exogenous origin (Staphylococcus aureus alone) and in all but one the organisms isolated from pus matched those found in incised viscera. In the tetracycline group there were two pure Staph. aureus infections, and in all but 5 the organisms isolated from pus were of the same species as those found in the viscus incised. When latamoxef was given at the start of the operation, the incidence of aerobic enterobacteria in both visceral and parietal swabs was significantly lower than in the tetracycline group (u = 3.56 and 6.02 respectively, P in both cases being <0.001) ( Table 7) . Latamoxef had, however, no significant effect on the-isolation rates of Staphylococci, Streptococci or Bacteroides fragilis. A similar pattern is apparent in the bacterial flora isolated from infected wounds ( Table 8 ).
Discussion
The rate of wound infection with latamoxef in the present trial (8.0%) is not materially different from the 6.9% which we have previously reported', and latamoxef given as a single intravenous dose at induction of anaesthesia remains our standard prophylactic regimen combined, in elective ileocolorectal operations, with preoperative metronidazole (with or without neomycin) which is more effective against enteric anaerobes than latamoxef.
Prolonged courses of latamoxef have occasionally been associated with bleeding5. There is no way of knowing whether the reactionary haemorrhage after gastrectomy in one of our patients was an abnormal reaction to a single dose of latamoxef, and it was not considered justified to challenge the patient with a further dose after her recovery. There was not, however, any evidence in the remaining patients of any differences between the two prophylactic regimens in operative or postoperative blood loss, nor was there an abnormal prolongation of prothrombin time or depression of platelet count.
Our experience contrasts with that of Morris and his colleagues6, who observed postoperative bleeding requiring blood transfusion or reoperation in 17 out of 110 patients undergoing colorectal operations who received four times the dose of latanioxef used *in the present trial. Administration of vitamin K did not prevent bleeding in 5 patients in their series, and they found no correlation with minor prolongations of prothrombin time.
The place of peroperative peritoneal and parietal irrigation for the prophylaxis of surgical infections, first popularized by Halsted, remains controversial. A trial of parietal saline irrigation from this hospi-tal7 showed a high rate of wound infection and, although many workers have reported lower rates by irrigating with various antibiotic solutions, the clinical relevance of these reports is lessened by the use of control groups which were untreated rather than receiving effective parenteral antibiotics8. Irrigation of the peritoneal cavity when it is grossly contaminated by faeces and bacteria is theoretically reasonable. There is, however, evidence that saline irrigation may interfere with host defences, and Phillips and Dudley9 found in rats that 0.1% tetracycline solution caused adhesions and peritoneal damage (judged by scanning electron microscopy).
Nystrom and Skau'0 reported rapid clearance of bacteria from the peritoneal cavity in pigs even before the full development of the cellular response, and it is possible that irrigation may interfere with this humoral mechanism.
We conclude that a single dose of latamoxef at induction of anaesthesia provides better prophylaxis against abdominal wound infection than peritoneal and parietal tetracycline lavage.
